Control of phosphorylase in cultured rat skeletal muscle cells. Changes in synthesis and degradation resulting from differentiation and muscle activity.
The control of phosphorylase levels was investigated in rat skeletal muscle cells developing in vitro. The amount of enzyme was directly measured after immunoprecipitation using specific antibodies. The rate of phosphorylase synthesis was estimated by measuring the initial rate of formation of [3H]phosphorylase after incubating cells with [3H]tyrosine. Rates of degradation were determined either from pulse-chase experiments using [3H]tyrosine or by the loss of enzymatic activity following inhibition of protein synthesis. A large increase in phosphorylase occurred at the time myoblasts were fusing into myotubes. The accumulation of enzyme was preceded by a marked increase in the synthetic rate and was associated with a severalfold increase in the half-life of the enzyme. Following fusion, the myotubes began to spontaneously contract, and shortly thereafter, decreases in both the half-life and amount of phosphorylase were observed. The paralytic agents tetrodotoxin and lidocaine were without effect on phosphorylase levels before the onset of spontaneous activity; however, both agents increased the amount of enzyme when added to contracting myotubes. Tetrodotoxin had little effect on synthesis of [3H]phosphorylase but doubled the half-life of the enzyme. These and other results indicate that the increase in phosphorylase in differentiating muscle cells results from the coordinate control of both its synthesis and degradation, and that muscle activity decreases phosphorylase by increasing its degradation.